Efficiency) is the comparison standard of the manufacturers of contemporary ships. The standard is based on the application of a more modern design of the diesel engines, the wide use of waste heat and the efficient operation of the ship. In accordance with the Economic Operation, the need to evaluate the design of air conditioning systems has been identified in order to determine the possible savings, which are represented by a decrease in fuel consumption, as a result of: the significant impact of this consumption in the operation of the ship, the current high costs of this energy, the periodic increase in the price of the same, and the international policies for the reduction of emissions to the atmosphere and preservation of the environment. By means of the energy diagnosis of the air conditioning system it is possible to determine the possible opportunities of energy saving during the operation of the ship. The results indicate that the thermal load and the cooling capacity required by the air conditioned spaces have a difference between their maximum and average value of 14%. This justifies the need to use a conditioning system with a variable volume of air supplied to the air conditioned space.
Most of the ships that are built today are based on traditional design concepts. Improvements are observed in simple components such as the engine and the propeller; but this does not apply to the ship as a complete system. Many shipbuilders concentrate and make efforts to improve capacity but, unfortunately, they still consume a lot of fuel unnecessarily.
The shipbuilding industry makes very little effort to reduce operational costs for new vessels or for repaired vessels, as the builder is not responsible for the fuel bill; in general, little time and resources are devoted to monitoring and controlling the use of energy on board ships.
Poor energy knowledge and the absence of a systematic control are the two main barriers to improving energy efficiency in ships. An important tool to overcome this barrier is the conversion of energy flow into monetary flow (money).
On the other hand, the International Maritime Organization (IMO) has established several levels of emissions to the environment. According to IMO, NOx emissions from 2016 should be below 3 g / kWh. CO 2 emissions should be reduced by 30%.
Together with the requirements of the IMO for the protection of the environment, as a result of the increase in the price of crude oil, there has been an increase in the application of technologies and measures that result in fuel savings on ships
The air conditioning systems installed in the frigate units of the Colombian Navy were selected according to the initial cost, with technical capacities similar to those installed in the 1980s when these vessels were acquired, which is why it has technological equipment from 2000 but with energy consumptions similar to those originally installed.
The energy demand for air conditioning systems, for frigate type units, when in operation, on average, is above 40% of total demand. Working to increase energy savings in these systems not only improves fuel economy and economic effectiveness; it also decreases the emission of harmful substances to the environment. This paper presents the results of applying the energy analysis to the entire air conditioning system. It shows the actual consumption and the potential energy savings that can be achieved during the daily operation of the ship.
For the calculation of the thermal load in ships, methodologies have been developed by entities such as the Society of Engineers and Naval Architects of North America (SNAME) who in the technical bulletin T & R 4-16 published the methodology under the name "Calculations for Merchant Ships Heating, Ventilation and Air Conditioning Design" as well as some standards of the International Organization for Standardization (ISO) which will be taken as reference for this paper.
The methodology applied in the energy evaluation of the air conditioning system is summarized below. 
∆T:
backup, this value corresponds to the hottest time of the day. The cold water is sent to six (6) handling units denominated Z which air-conditioning the residential zones and they have capacity to renew and recirculate the air. The cold water is also sent to one (1) The calculation of heat transfer through bulkheads and decks exposed to the sun is performed according to the following formulation,
where U is the total heat transfer coefficient, A is the area exposed to the sun and ∆t is the difference between the surface temperature of the sheet and the indoor temperature of the heated area.
The value of U varies depending on the external material (steel or aluminum), the structural arrangement, the thickness and type of insulation and the interior finish.
The value of the transfer coefficient U for air-air is calculated by means of the equation:
and for surfrace-air where C is the thermal conductivity of the structure material, fp is the film coefficient of the structural sheet and fp is the film coefficient of the structural reinforcements.
By means of the measurements performed in this investigation, the surface temperatures of the sheets or casings of the ship that are exposed to the solar radiation are obtained. These temperatures vary according to the position of the sun (time of day) as shown in Table 2 . These values were measured in Cartagena, with the sheets painted and installed. Fig. 1 shows the variation of the surface temperature of the ship's deck. Using the data in the above table, the thermal load is recalculated according to the time of day, keeping the thermal loads due to personnel, equipment, lighting, etc. constant. The results are presented in Table 3 .
Calculation of the load of the Air
Handling Units (AHU) From the above table it is evidenced that at midday a maximum cooling capacity is required with 392 kW (112 TR), which is in accordance with the highest temperature of the sheet 60 C. In Fig. 2 , the variation of the total thermal load is observed according to the time, in tons of refrigeration (TR).
It is observed that the Zs exhibit significant variations in the thermal load, with the exception of Z2. Likewise the U and L do not present significant variations. For large consumers, the load varies according to Fig. 3 When calculating the air flow rate as a function of the variation of the thermal load, the air flow values for this condition are found, as shown in Based on the above results, a system is recommended to vary the airflow of each fan, such as a speed variator for the electric motor and to complement it with variable air flow distribution boxes which operate with sensors that open or close depending on the temperature of each conditioned room, as shown in Fig. 6 . An example of the above can be seen in the catalog of the brand TRANE VariTrane TM Products Single Duct/Dual Duct Units VAV-PRC011M-EN Taking into account that the thermal load varies according to the time of day, the water flow required by the Z must vary according to this load. Therefore, the calculation is performed by finding the results shown in Table 6 and comparing them with the currently installed pump as shown in Fig.  7 . Therefore a system is recommended which varies the water flow of the pump, such as a speed variator for the electric motor.
Electrical power will also vary. This variation is observed in Table 7 .
To estimate the energy savings at night, it is assumed that the pump operates the minimum flow calculated on the day, ie at 52.11 m 3 /h. Taking into account that the pump operates 100% of the year, current demand is estimated at 84 534 kWh year, with the speed variator, demand is estimated at 31 840 kWh year, saving 52 695 kWh year, which means savings with the proposed system are around 62.3% of current consumption. This variation is shown graphically in Fig. 8 . shows the current consumption comparison curves for the proposed variable energy consumption.
Based on the information in Table 8 , consumption is estimated at 3576kWh/day for the complete system with the proposed modifications, assuming that in the hours without solar charge the demand is equal to the lowest with solar load, which means 145.4 kWhr. Currently, the system consumes 4180 kW-h/day, which is why energy savings of 14.5% are estimated.
Based on the above analysis, the life cycle cost of the asset is projected from its acquisition to decommissioning taking into account installation, maintenance and operation to determine the total cost of the asset. Therefore, the life cycle cost of an asset can be calculated by the following equation:
Total electrical consumption in operation of the current and proposed system
Life cycle cost
Based on the above, it is possible to estimate the total consumption per hour of the day, taking into account the consumption of the compressor, cold water pump and handlers, as shown in Table 8 .
These consumptions are related to the variation of the total load due to the solar radiation on the outer sheets of the boat. For the night an average constant demand of 145 kW-h is estimated, as shown in Fig. 9 .
Currently the ship has a constant and independent demand of the variation of the load due to the action of the sun; the estimated value of current consumption is equal to constant 174 kW-h. In this case, the useful life of the asset is projected in 20 years and the study is conducted in US dollars under the Net Present Value (NPV) methodology, an increase in the cost of energy and spare parts of 8% per annum, no funding is sought for the additional equipment to be installed, as shown in Table 9 .
As shown in Table 9 , the proposed option will save 10.17% in 20 years of operation. The distribution of costs is shown in Fig. 11 . Where n is the engine speed equal to or greater than 130 rpm but less than 2,000 rpm. Therefore, NOx emissions generated by generators, which operate at 1800 rpm are estimated at 214 586 Ton over 20 years of equipment life for the current system and 187 377 Ton over 20 years of equipment life for the proposed system, which means avoiding the emission of 26 849 Ton NOx, (12.67%) over 20 years, with the proposed system.
The currently used thermal load calculation methods do not take into account the actual changes in temperature of the outer sheet of the vessels as a function of the time and place of operation, and therefore the result of the calculation will have constant and oversized consumption.
The operating costs of the asset correspond to 87.12% of the total costs in the life cycle, so the savings in operation will have significant impacts on the life cycle cost.
There are opportunities to save on the operation of the fans in the handling units Z and the cold water pump passing from a constant energy consumption to a variable consumption depending on the load, which varies with the time of day.
By integrating the proposed savings measures to the fans, pipes and pumps, savings of 10.17% are estimated in the life cycle of the asset.
Due to fuel savings, the environmental impacts would reduce NOx emissions by 12.6% compared to the current system. 
